We demonstrate Autler-Townes (AT) splitting of four-wave mixing in an electromagnetically induced transparency window, which results from the destructive interference between a three-photon process and a five-photon process. Enhanced multiwave mixing (MWM) processes due to atomic coherence have been experimentally demonstrated in several multilevel atomic systems [1, 2] . The keys in such enhanced nonlinear optical processes include enhanced nonlinear susceptibilities due to the induced atomic coherence and slowed laser beam propagation in the atomic medium, as well as greatly reduced linear absorption of the generated optical fields due to electromagnetically induced transparency (EIT) [3] [4] [5] [6] . Atomic Autler-Townes (AT) splitting was first observed on an rf transition [7] and then in calcium atoms [8] . Such an AT splitting effect has also been investigated in lithium molecules using cw triple-resonant spectroscopy [9, 10] and in semiconductor material with ultrashort intense laser pulses [11] . Recently, an antiblockade effect due to the AT-split Rydberg population was studied theoretically [12] and experimentally [13] with two-photon excitation in a three-level atomic system. The experiment is carried out in atomic vapor of 85 Rb. The energy levels of 5S 1=2 ðF ¼ 3Þ (j0i), 5P 3=2 ðF ¼ 3Þ (j1i), 5D 3=2 (j3i), and 5D 5=2 (j2i) form the four-level Y-type system, as shown in Fig. 1(a) . The vapor cell temperature is set at 60°C. Two vertically polarized pump laser fields (wavelength 775:98 nm), split from a cw Ti:sapphire laser with equal power (P 2 ≈ P 0 2 ) with E 2 (ω 2 , k 2 , and Rabi frequency G 2 ) and E 0 2 (ω 2 , k 0 2 , and G 0 2 ), drive the transition (j1i to j2i). A strong coupling field E 3 (ω 3 , k 3 , and G 3 , with wavelength 776:16 nm) from a tapered-amplifier diode laser with vertical polarization, drives the j1i to j3i. The probe field E 1 (ω 1 , k 1 , and G 1
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The experiment is carried out in atomic vapor of 85 Rb. The energy levels of 5S 1=2 ðF ¼ 3Þ (j0i), 5P 3=2 ðF ¼ 3Þ (j1i), 5D 3=2 (j3i), and 5D 5=2 (j2i) form the four-level Y-type system, as shown in Fig. 1(a) . The vapor cell temperature is set at 60°C. Two vertically polarized pump laser fields (wavelength 775:98 nm), split from a cw Ti:sapphire laser with equal power (P 2 ≈ P 0 2 ) with E 2 (ω 2 , k 2 , and Rabi frequency G 2 ) and E 0 2 (ω 2 , k 0 2 , and G 0 2 ), drive the transition (j1i to j2i). A strong coupling field E 3 (ω 3 , k 3 , and G 3 , with wavelength 776:16 nm) from a tapered-amplifier diode laser with vertical polarization, drives the j1i to j3i. The probe field E 1 (ω 1 , k 1 , and G 1 , with wavelength 780 nm) from an external cavity diode laser probes the j0i to j1i. The pump and coupling laser beams ðE 2 ; E 0 2 ; E 3 Þ are spatially aligned in a square-box pattern, as shown in Fig. 1(b) , which propagate through the atomic medium in the same direction with small angles (∼0:3°) between them. The probe beam (E 1 ) propagates in the opposite direction with a small angle. The diameters of the pump, coupling, and probe beams are about 0.5, 0.5, and 0:3 mm at the vapor cell center, respectively. This configuration satisfies the two-photon Doppler-free conditions for the two ladder-type EIT subsystems [1] . Under this configuration, the diffracted four-wave mixing (FWM) (E F ) signal with a horizontal polarization is in the direction determined by the phase-matching condition
and is detected by an avalanche photodiode. The transmitted probe beam is simultaneously detected by a silicon photodiode.
The two ladder-type EIT subsystems form two EIT windows [1] . These two EIT windows can either overlap or be separated by changing the frequency detunings of the pump and coupling laser beams. First, without the strong coupling field E 3 , a simple FWM process (with E 1 , E 2 , and E 0 2 ) will generate a signal field E F with frequency ω 1 . The density-matrix element ρ . When the powers of E 2 and E 0 2 are strong enough, they will start to dress the energy level j1i to create the primary dress states jþi and j−i, as shown in Fig. 1 (c), which can be described via perturbation chain II 
AE0 [1] . Similarly, a stronger probe field E 1 can also modify such an FWM process. Such a selfdressing effect, i.e., the participating FWM fields, dresses the involved energy level, which then affects the FWM process itself, is unique for such MWM processes in multilevel systems and has not been systematically studied before, to the best of our knowledge. Next, when the coupling field E 3 is added, these fields (E 2 (E 0 2 ) and E 3 ) can dress the energy level j1i together. E 2 (E 0 2 ) first creates the primary dressed states jAEi, then E 3 creates the secondary dressed states j AE AEi at a proper frequency detuning (tuned to near either the upper or lower dressed state jþi or j−i), as shown in Figs. 1(d) and 1(e), via perturbation chain III ρ
AEAE0 , which generates the secondary AT splitting for the FWM signal. The two primary dressed states induced by E 2 and E 0 2 can be written as jAEi ¼ sin θ 1 j1i þ cos θ 1 j2i [ Fig. 1(c) ]. When E 3 only couples the dressed state jþi, the secondary dressed states are given by j þ AEi ¼ sin θ 2 jþi þ cos θ 2 j3i [ Fig. 1(d) ], where sin
is the atomic resonance frequency), and
To see the AT splitting of the FWM signal in the EIT window, we first calculate these nonlinear susceptibilities via appropriate perturbation chains for simplicity. When the coupling beam E 3 is blocked, the simple FWM (with E 1 , E 2 and E 0 2 ) process via chain I gives ρ
and Γ ij is the transverse relaxation rate between states jii and jji. When E 3 is turned on, the above simple FWM process will be dressed by fields E 2 , E 0 2 , E 3 , and even E 1 (if it is not too weak), and the multidressed FWM process is
where
2 ), the primary AT separation Δ a is determined mainly by the fields E 2 and E 0 Fig. 2(a) ]. The secondary AT separation Δ c is caused by the dressing field E 3 [i.e., Δ c ¼ λ þþ − λ þ− ≈ 2G 3 in Fig. 2(b Fig. 2(c) ]. From the expansions ρ 
10 ≈ G a ½1 − jG 3 j 2 =ðd 1 d 3 Þ 2 =ðd 2 1 d 2 Þ, one can see that the first and second terms stand for three-photon and five-photon processes, respectively, which shows that the AT splitting results from the destructive interference between the three-photon and fivephoton processes.
Figures 2(a)-2(c) present the FWM signal intensity versus the probe field detuning Δ 1 for different dressing
The upper curve in each figure is the probe transmission with two ladder-type EIT windows, and the lower curve is the FWM signal. In Fig. 2(a) , the right EIT window (j0i − j1i − j2i satisfying
, and the left one (j0i − j1i − j3i satisfying Δ 1 þ Δ 3 ¼ 0) is induced by the coupling field E 3 . The right EIT window contains the double-peak FWM signal E F , with the two peaks created by E 2 þ E 0 2 (i.e., the primary AT splitting). The left and right peaks of the FWM signal correspond to the dressed states jþi and j−i, respectively [ Fig. 1(c) ]. Since the left EIT window is quite far from the right EIT window, the coupling field E 3 basically has no effect on the two peaks in the FWM signal [ Fig. 2(a) ].
However, when the frequency of E 3 is tuned to move the left EIT window into the left FWM peak, secondary AT splitting occurs and the left FWM signal peak splits into two peaks [ Fig. 2(b) ]. Moreover, the right FWM peak is enhanced simultaneously, since the coupling field E 3 dresses the state jþi and separates it into two secondary dressed states j þ þi and j þ −i (satisfying Δ 3 ¼ λ þ ). The three peaks in the triple-peak FWM signal [ Fig. 2(b) ], from left to right, correspond to the secondary dressed states j þ þi and j þ −i and the primary dressed state j−i, respectively [ Fig. 1(d)] . Similarly, the right FWM peak is separated into two peaks, while the left FWM peak is enhanced when the coupling beam is tuned to the j−i state, as shown in Fig. 2(c) . The three peaks, from left to right, correspond to the primary dressed state jþi and the secondary dressed states j − þi and j − −i (satisfying Δ 3 ¼ λ − ), respectively [ Fig. 1(e) ]. Figure 2(d) shows the AT splitting of the FWM signal versus the pump field detuning Δ 2 , when the j0i − j1i − j3i EIT window is tuned quite far from the j0i − j1i − j2i EIT window. In this case, the primary AT splitting is mainly caused by E 2 þ E 0 2 . When the two EIT windows get close and overlap, Figs. 2(e) and 2(f) depict the suppressed and enhanced FWM signal intensities versus Δ 2 for different coupling field detuning Δ 3 , respectively. Compared with Fig. 2(d) , the FWM signals are suppressed [ Fig. 2(e) ] and enhanced [ Fig. 2(f) ] at Δ 1 þ Δ 3 ¼ 0 and Δ 1 þ Δ 3 ¼ jG 3 j 2 =Δ 1 , respectively. Such FWM signal is enhanced via a singlephoton resonance. 
The first term of Eq. (2) represents a three-photon process in the probe and pump fields, and the second term is the fivephoton process, which interferes destructively with the first term and is responsible for the AT splitting in Figs. 3(d) and 3(h) . Finally, the third term gives the seven-photon process, which has the same sign as the first term and, hence, tends to increase the FWM signal. In fact, the second term is dominant at lower probe power, while the third term is dominant at higher probe power. Physically, such saturation behavior in Figs. 3(d) and 3(h) is induced by the balanced interactions between the destructive and constructive interferences of these multiphoton transition pathways [6] . Figure 4 presents the FWM signal intensity versus the probe field detuning Δ 1 for different frequency detuning Δ 3 and coupling field power P 3 . Since the probe E 1 is weak, the primary AT splitting Δ a mainly results from E 2 and E 
